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© Polycarbonatediol composition and polyurethane resin. 

@ A polycarbonatediol composition is disclosed having 
carbonate bonds and suitable amounts of ether bonds in a 
molecule, which can provide polyurethanes having high mech- 
anical strength and heat and moisture resistibility, and 
furthermore having improved properties at low temperatures. - \ 

Further,: disclosed^ is . a- polyurethane, : resin prepared by 
reaction of. ary organic diisocyanate compound with J the 
polycarbonatediol composition.' The pblyuVethane A resin has > '- 
excellerit properties under low 'tehipeiatufe ^conditions; while 
retaining high levels of mechanical strength, excellent resisti- 
•bility, under: high ;heat and, moisture, conditions,, etc.,, .thereby r 
maintaining a goad , balance o t f proparties! The polyurethane ' 
resin in accordance with tKe present invention, is 'useful in a 
Verywide variety of forms, including ! sparidex, 'rigrd or flexible 
urethane- foams,' thermoplastic urethane elastomers and: ther- 
mosetting urethane elastomers, adhesives, synthetic leather, 
and paints, etc. - . . 
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Description " ~ * 

POLYCARBONATEblbL C^M^SI^OMA^ ^ [' *' 

5 ' '.: '.' ! ":..." ! .V" V" Vv field o^: the W£nti6n ; W " l -V*. f !" : '*? : ' 

The present invention "relates to a novel' polycarbbnaVedii)! tompasitioh haymy boiH barbonate bonds and 

• suitable, amounts of ether bonds ,Jn a molecule . which. are formed ;by using a polyether polyol as a component 
of diols, and having the property of being easily liquified: ' ' ' ; ; r 

10 Furthermore, .the present invention relate^ to. a polyurethane resin prepared by reaction ot an- 'organic 

. diisQoyariate compound with the polycarbonatediol/co.mppsitib^ nas an excellent 

property at low temperature conditions, n , , 

/5 -■<■:-,.. ! BACKGROUND OF t^ir^VENf ION ' \ 

,, Hitherto, pplyurethane resins have been used i In a wide variety pjf forms including 
elastomers, and paints. , *, iV1 .~ . f « lV . . ^ ■ , 

. . . They are prepared mainly by a reaction of an organic diisocyanate;^^ 
2o\ The polyol compounds.which havefieen emp1oyedjncrude;ppiy^ther polyols; sticrVas polypropylene glycols, 
poiytetramethylene glycols, polyester.polyol's which arederiye^frbm divalent carboxylic acids such as adipic 
rsicid, and polyhydric alcohols, *and polylactone polyols, which are obtained by a reaction of lactones with 

'* alcohols : ~ ■*■;"('■ « ' • ■'■!"- » i . r 

A variety of polyol compounds have been used to produce resin which is used- for many 'kinds 

25 of purposes. . . . . . . 

However, as polyether polyols have many amount of ether bonds, the urethane resin which Is produced by 
employing them has the disadvantage of being poor In heat resistibility and in weatherability. 

The urethane resin which is produced by employing polyester of poJylactbne polyols has the disadvantage of 
being poor in water resistibility, thought to be due to presence of .ester bonds. . 
3a ; «i The use of polyols havinq carbonate bonds in their molecuiar^tXucfure has been proposed to produce novel 
urethane resins which overcome the foregoing disadvantages, (see* U.S % Patents 3,879,348; 4,101,529; 
- 4 C24 113' 4 103,070? 4,105,641; 4,377,67.0; 4,435,450 and .GB Patent 1,525,933)1. * 

' The polycarbonatepolyo! wh:ch js used more widely than any other type of polyol cdrnppund is the polyol 
disclosed in US A-4, 1 01 ,529 haying ^carbonate .bond In. theVmolecuJai; strucjli^ contairiing, 1 ? 6-hexanediol in 
^ ^ Hhe main chain oMhe.mple^uJar^ ■ V;.;; V- 

vv- i- ■ C.- .■>, •>;':■ -m^. bc\.< JK! : X„ t C.'' ; r -v.; \. v. :• :* .!*•.. - - • ■ »■•= k- 

r I. HO(GH2)6(OC,0-(CH2)6)nCH: . (I), ; , , . . . ^ , . lt , 

The polycarbonatediol having 1 ,6-hexane#ol .structures ^.n the main chain can produce a polyurethane resin 
having a very, good balance .of various properties, including mep.hanlcaS strength; excellent resistibility under 
40 \ : .high heat and, moisture conditions, etc., thereby maintaining ^gbpdlbalance of p.rop^rties, ,;and ha^also the 
advantage of being easy to produce on an industrial basis, " f , . \ ; " * \ 

• .The -polycarbonatediols having 1 ,6-hexanediol. structures;^- the; irain. chaihV however. ha6 a melting 
temperature range of 40 to 50°C, therefore, it is a relatively hard* wak-lifte solid at ordinary temperatures. A 
polyurethane resin prepared by reaction of .an organic, dilspcyaoat^ compound with the polycarbonatediol 
45v composition, therefore,, has a disadvantage of,bemg.^6pr : at low 'temperature cbhditions.' . ' 

, Accordingly. it is required tpibe melted before use;as : a raw materia^ for mahufac^turing uretharieresins, etc., 

using a tank for heating and melting. . . . ' 

T«i*i Furthermore the use of the tank for heating and melting is jnevitably required to prevent heat radiation from 
m: m"- {he surface.of the tank and piping. Accordingly, it Is disadvantageous nof on fy.f rprri the viewpoint of energy 
50 costs but also plant costs.' On the other hand/a polyurethane resin, which has an excellent properly at low 
•■■■« ^temperature. conditions, prepared by reaction of an organic .d!ispcyanate ; compound with a polyether polyol 

• ; i composition has. a .disadvantage of being poor in heat resistibility;;. \ r \ \ } ; /.. 

For the ( purpose of overcoming the above disadvantages,' a.random copolymer composed ot e-caprolactone 
: " and ^diaikylcarbonate' or dimethylcarbooate had . been disclosed ln : \Ja^n , e38^PCmjjcaflon--l^-opBn 
55 % " No." lH5925/i1985^(entitled:'.APrbcess,for' Prpduclng Poiyuretharie).. ; ' , ' M ; \ 

: The. -andom. copolymer is liquid polyol having a loWj melting temperature,, / 
\ ,A However a oolyurethane prepared with said randomly cpp6lyrneri?ed polypi has a J disadvantage of being 
I . poor in heat and moisture resistibility. Such is thought,to be due to ester bonds based on e-ckpro lactone in the 
. molecules. The inventors of .this invention have now found; . that it is possible to solve the problems as 
60 hereinabove pointed out and produce polyurethanes having high mechanical strength 1 and 'heaf and 'moisture 
resistibility, and furthermore having improved properties at low temperature's by employing a particular 
polycarbonatediol composition which has both carbonate bonds and suitable amounts of ether bonds in a 
molecule. 
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SUMMARY OF THE INVENTION 

• •;.«■" •. . i 

The preseift,;jny£n!|$p intensive studies in order to develop novel 

polycarbonatedioi compositions" and potyuretnahe resins:' ' ' * { A u ' v c ^ A -•>.=•■». 

Therefore in accordance with the present invention there is provided a polycarbonatedioi composition 
obtained by reaction of a compound selected from the group consisting of compounds which require 
dehydrochlorination, alkylene carbonates,. d(ary| carbonates, and. dialkyl carbonates, with an aliphatic diol which 
comprises a mixture of (1) from 20 to 80- mo of a' polyether r3olyol having molecular weight of from 300 to 
> 2,0pp f and (2) frorniSp tq 20 moMVb of at. least . on e„ polyvalent alcohol in which the number of carbon atoms in 
. the polymer cftain is not more .than/^6l "./*..;' '* ' ' m ...u, -. \ i : -* . 

According to a 1 specific embodiment; tfie'Vf^yfjtfter^iiolyfbl^is polytetramethylene glycol having-rholecular 
weight of not more than 1.*00p, tM ... , - :,<t - . , 

According to another specific eipbpdli^SlBf '* " th'd'.p&fyvalfeht" alcfdhot^s -1 .e-Tfexanedlol. r - 

According to another specific embodiment, the polyether pbiyol is polypropylene glycol having molecular 
weight of not more than 1,000. »'••■■ 

According to another specific embodiment, the polyvalent alcohol is 1,4-butanediol. 

According to another specific embodiment, the polyvalent alcohol is 3-methylpentanedioi. 

The polycarbonatedioi composition i 6f~'this invention can provide a polyurethane resin having various 
excellent ^rope/ties. v . ; 

Also, the polyurethane resins of this invention are prepared by a reaction of an organic diisocyanate 
compound with the .polycarbonate djol t cpmpqsition. 

r the polyurethane, resiri of the' invention has excellent properties^uhdet low temperature conditions, while 
< retaining high levels ,6f mechanicaL strength,' Vriore excellent resistibifity Under high heat, and ■-■ moisture- 
conditions, etc., thereby maintaining a g^dbd! balance of properties. • : : 

The polyurethane resin which is produced' in accordance with the present invention isvmore useful in a very 
wide variety of forms including spa : ndex, rigid or flexible urethane foams, thermoplastic urethane elastomers 
and thermosetting urethane elastomers, adhesives, synthetic leather, and paints, etc: f i • 

..// DETAILED DESCRI PTION OF THE INVENTION * 

" • — — •• " ■ • . :v 

;n The present invention Is - described. : Se(oW 'In more detail. " 1 ,,f - * 

; in the polycarbonatedioi composition, examples of compounds which require dehydrbchiorination include > 
phosgen, bischlbroformate,, etc. " • '* ; . ! •; v. . ; . 

.,'] -Alkylene carbpn^sV^clude 2-propVfene- : carbdn'ate^1,2^tylehe carbonate, etc. 

Plaryl carbonates, ihcl^djs |dlpher)yf carbonate, dlnapht^l daYbbhalei' e^b/ k» ;»^.>-n>..: ,ov : n M r 
Dialkyl carbonates ihci^ ti t 

Any of these compounds can be al lowed 4d react with- an^liphatic'dibl^hTch^mprises a mixture of (1) from 
20 to 80 mol o/o of a polyether polyol having molecular weight of from 300 to 2,000, and (2) from 80 to 20 mol o/ 0 
. of at |east one ppjyvalent alcohol in which the number of carbon atoms in the polymer chain 1s< not more' than 
: 20 >; which is further described V;- : lt : , 

. .. Polyether pplybls which' cap be. employed fbrthfepurpbse of this invention include a polyvalent alcohol : such 
as polyethylene glycol'; pb ly propyl ehe ^glycbi; pbtybutylerie glycol, etc. and also a polyether polyol obtained by 
; copolymerizing. ethylene . oxide and propylene 'oxide: ? - u r r: .v : M ..- r . 

- :(; Furthermore, pplytet^methylene glycol! (PTMia) 1 can be used ■ which is a polymer obtained by ring-opening 
polymerization of f tetrahydrof ran. , ' r ^ vr! - " %t " 

Trie molecular weight , of th^,ab6Ve : d^^b^;^iyether polyol Is t from -300 to 2,000/ '; .» o/v. . = 
- If v the -molecular welg^r of ^ Jthe pqjyether'poiybl is less 'than 5 300, "the features Of polycarbonatedioi 
composition obtaihed'by'use of the pofyether bolybl ire jbst arid no pdlyurelhahe- having'ai diood balance of 
properties can be produced. ( ^ v. . vp :v. . 

, l4 6n, the. other hand;,rt polyol is more than 2,000, -the resulting 

(i polycarboriatedipJ cpmpbsitibriis undesirably High, for example, tiaving ^rhbiecular weight at least from' 4 000 

tq.5,009:, v . , # . :l r ." : . • fr ; J ' v "'- • - -•■ - - -:i s i.c * ' 

Polycarbonatedioi composition having th ; ^ rriblecular weight of from 4,000 tb- S.OOO/ id not suitable as a raw 
; f material for preparing polyurethane!: P'olyyalbnt alcohols having the number of carbon atoms not more than 20 
.which ! .can I. be employed/ fbn the purpose; of this invention include ethyieheglycoli 1 ,2-propanediol, 
1,3-butanedioi, 2-methyl-1,3-prbpanedrb'i; f rVepperityl glycol; 2-methylpentanediol, S-methyipentanediol, 
2 l 2 f 4-trimethyl-1 l 6-hexanedipl t .3,3 l 5-trim^^ 2,3,5-trimethyKl ,6 M pentanediol, etc; i 

: , It is possible, tq use either phe kind of polyether 1 polyol or a mixture composed of two or more kinds thereof. 
. 3 , A mixture cornppsed. of frorh t 20 to 80 mol ^p r bf polyether polyol having a molecular weight of from 300 to 
^OOOj.and from .80 to 2amo( Wo of at J9^&h%[^ly^leht alcohol, in which the number of carbon atoms in the 
polymer.chain is ^o/^pr^jitft^n:. 2d is aljpwed ' to react with a dlalkyl carbonate; etc:,- to produce a 
polycarbonatedioi. composition.. 
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If thelmixture contalnstess than { 2Q mol o/obf : a polyje^ of from 300 to 2,000, 

the resulting poiycarbonatediol composition is inferior in various*' kinds of ^properties .under the low 
'temperature » conditions.- ,nvn Kl .■.■„;.-■* ■ , if..,.--,.-: -. n rv 4 , jnr 1 •>•- n * J V- ■ '" *' 

It is not the quality •whiph : is..aimed :: ^y 4 thjs Jnypntion.'. ] n ' * c ( "" ' j *' , ''_ f ' .'' ! j* 1 rn 
5 i On the other hand, if the.mixturexpntains more than 80,nio} o/y of a pblyfether poiydj fhkyiHjgi molecular Weight 
• of from- 300 to. 2,000, ; the, features of poiyyalpht ajcohpkare l^st.jahg 'np : po)yurethane;ttet'is satisfactory in 
mechanical strength, etc. can be produced. ' " h . \ / ' ?' JJ ''^, ... ; ( 'T 

In the event that adialkyl carbonate Is used for, the, purpose of r this invention, it is preferiable to' use^dimethyl 
or diethyl carbonate.. , . / .. ,, ' , ! , fl '^ .* ,"T 

70 In the case that a dialkyl carbonate compound -is use<£, as i a carbonate compound, 1 the reaction -for the 
. preparation of the polycarbonatediol composition of ,t^ by the formula: 

cnR-Oc.O-R*f (n + 1')HO-R'-OH - ; "' , V-i" '! * ' .'' r ' J '' ' : ?1 ' r,^. -.,.. 

v.— , ;.T ,W 'V' *'' '* ' 

75* «HO-R7Ocb-R') n -OH+2nR0H f ." \,T \ •'- -^^ , ... ^ .'. , . ; 

j. - . ;^whsrein R is an alkyli-grpup r and R' is arvalkylerje 'groupV - .... ,r . .. . . ... ,r , ^ / ^ r 

In the case that phosgen or a bischioroformate is used to' prepare the* polycarbonatedibi composition, the 
scheme of the reaction can be represented as follows: t > ;o j o: ... 7 . ; / 5 
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(i) phosgen -4- dlol , , ■ ...... ,. . 

O , 



^nGM>;:CI -f (n-f 1)HG-R-OH = 



- : - HOrR(OCO-R)h-OH + 2nH.CI , ... , >, ■ • ,* , J ' l;/' / ! ';. ' . 

(ii) s, bischloroformate + dioj. - ; * - , . , '. . , ! ' * f " '"' 

1 ! "»* nCI-e-R'O-c-Cl + (h + 1)HO-R-OH . . ... - m : m ' 1 ' '"l 

- HO-R-(0-C -R'-O-C -0-R) n OH + 2nHCI / " ^ . ^' :i ^ ur ' ,, / /^^J:';? 5 

(wherein R and R' are alkylene group) , ti r , . . Jf^. T , . T 

50 Both reactions (i) and (ii) can be described as dehydrpchjprination Reactions/ . ,\ " i, 

- "i ' , The twd kinds of diol compounds which ;i are used as Tthe^tarti^g . materials are incorporated into the 

molecule randomly by a carbonate bond. . _ , Vl . . t i>v " . 

If one of them is shown as HO-R 1 -OH, and the othe/.as HO-R 2 -b^, ** L ' 

- We r-'pireserit randomly -in 1 the . molecule. -V^'*- i • 7 c ' >.■ I i -o- ■■"«•-' - 

The tanddm cbr^bination'ifl the polycarbonatediol .compbs)tioh results m disordered crystallinijy, to thus 
'^ rr ob^ain-a^'dlycarbortatediol^omposHionhaving exceUe^tproperties u^der'jhe low temperature conditions. The 
••^crystallinity. depends on 1 l 6-hexanediol- : .structures.. :! , jU: . . : .i r ' ,. 

40 Detailed description is set forth below of the reaction 'process, etc M{ which are applicable when, for example, 
a dialkyl carbonate is employed as the materia! to be reacted with . thp.aHphafic diol comprising a mixture of (1) 
from 20 to 80 mol % of a polyether polyol having molecular weight of from 300 to 2,000, and (2) from 80 to 20 
mol of at least one polyvalent alcohol in which the number of carbon atoms in the polymer chain is not more 

''»»j'-thah'».' ' i ■ -i ■ - '< ■ - *, * 1 ■ - 1 . -„f j • v-.c- . • - !' ']"' 

' « ; It is 'possible to employ for the reaction any catalyst that is-conVentionally employed for an ester interchange 
reaction: : - ; f . ^ .' • .' r .. f5 . . r . ; , ^ ; i., t ,= : ";. .. ' f " 

" More-spectfically, it is possible to use, for ( example, ^ metal such as lithium, sodium, potassium, rubidium, 
t v -" ' -eesium, magnesium^ -calcium., strontlymj barium, zinc, •aluminium, titanium,. /cpbalt^gerrnfiahjiim, tin, lead, 

antimony, arsenic, or cerium, or an alkoxlde thereof. 1 X 

50 - -Other examples, of preferred catalyst include alkali and .alkaline earth m zinc 
" * -oxide, 'lead silicate? lead carbonate, antimony tri oxide, germanium\dipx^ and aluminum 

'■• ^ -^Jaopropoxide.'*' /: - -* • *. . , : ■■• ■ .■■«.*..,.. * ,'/!.'-.. '»' , .'. v ' '• "'. 

Particularly useful catalyst are organic metal compounds such as the magnesium, calcium, cerium;- barium, 
j ■ zinc , ? -tin , titaniumi onbther metal salts of organic acids, .... ; ; . , •. ,". ! 1 
55 It is generally appropriate to use the catalyst in the amount which is equal to O.O00T to too/o, and preferably 
0.001 to 0.2%, of the total weight of the starting materials. ' " 

It is preferable to employ a reaction temperature of about from 80°C to 220°C. 
■-■ f - , ■ A temperatura in tha neighborhood of the boiling point. of . dialkyl carbonate is employed during the initial 

- stage of the reaction, and as the reaction proceeds, the temperature is gradually raised." 

60 A reaction vessel having a distillation column is usually employed to* enable the. separation of . the diol 
i -compound which- is produced from the dialkyl carbonate employ d as the starting material. 

The reaction is caused to take piace while the dialkyl carbonate is refluxed, and the alcohol which is 
produced with the progress of the reaction is removed by distallation. 

In the event that a part of the dialkyl carbonate is lost by azeotropy with the alcohol which is removed by 
65 distillation, it is advisable to take the amont of any such possible loss of dialkyl carbonate into consideration 
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when weighing the starting materials to.bejChargedJntc, the reaction system. 

Although it is obvious from the reaction formula which has hereinabove been given that n mols of dialkyl 
carbonate arid (n + 1) mpls of dioi compound define their theoretical molar ratio, it is in practice preferably to 
employ a molar ratio of dial^ 1/1 to* 1.3: times greater than their 

theoretical molar ratio. ' ; • J ° 

Although the reaction may be performed at normal pressure, Its progress cawbe promoted if a reduced 
- pressure in the, range. of. say, 1 to. gpO l ,mmHg.ls r ^ l >' ' " "• 

L,' The mo]equ1ar;.weigtit\p the -purpose of this 

v invention can be adjusted if fhe moiaVfatlo bVthe 'didt cbrr$6und and the Mother 5 materials, such as dialkyl or 
-. diglky^ne carbonate,. : tp be reacted is altered. " : ' - " " ' J M 3 ■* *0 

in other words! the 'molecular' weight cafr^e" adjusted as the value 1 of n in 'the formula is* varied. The 
. , pqlycarbpnatediol. composition can be hydrated to confirm the structural components by an analysis of 
...^ hydrated products with gas c^ \ r " '• fi 

~bri the other hand, "the invented pdryuretn^n^T^sinVc^n be prepared by a reaction of an organic isocyanate 
compound with the above described polycarbonatediol composition. 15 

Examples of the organic diisocyanate compounds which can be employed 1 include 2,4-tolylene diisocyanate, 
2,6-tolylene diisocyanate, 4,4 , -diphenylmethane diisocyanate, tolidine diisocyanate, xylene diisocyanate, 
hydrogenated 4,4'-diphenylmethane diisocyanate, hexamethylene diisocyanate, isbphordne /diisocyanate, 
. ^^dicycjohexylmethane diisocyanate,. 1 .S^fta^hthaierte ^Jiisocyanate; carbodiirnide- modified methylene 
r diisocyanate and xylylene dnsbcyaHaleV'^ ! n ^ ; - ' J ' '' - 1 : ■ : ? . ' ' 20 

One or more compounds are employed. ' ' ' IL " M ' ^ - 

A chain extender may also be present in the mixture, If desired. « i 

A low-molecular compound having active hydrogen can be used as the chain extender. \ t • < 

Specific examples thereof are ethylene glycol, propylene glycol, 1,4-butylene glycol, 2Tmethylpropanediol, 
neopentyl glycol, pentane-diol, 1,6-hexanediol, ethylenediamine, propylenediamine, hydrazine, isophorone- 25 
diamine, metaphenylenediamine, 4,4'-diaminodiphenylmethane, diamiriodipheriylsulfone, ' and 3,3'-dichloro- 
4,4 / -diaminodiphenylmethane. The manufacture of polyurethanes by this invention can be accompljshed.either 
by the prepolymer process in which a polyol and an excess of an organic disocyanate compound-are allowed, 
to react to form a prepolymer having isocyanate group in terminal positions and the prepolymer is allowed to 
react with a diol, diamine, etc., as a chain extender, or by a one-shot process in which all of the constituents 30 
required for making a polyurethane are added simultaneously. 

A solvent may or may. not be used for performing any such reaction: -j ,j 
If any solvent is used! It is fcre'fera^iy^b'xjsVan inert one. 1 " ' ■ »»r i 
' ' ' Specific example's bf We ^Slvents' ? v^ich : cah be used are toluenev 4 ethyl acetate, butyl acetate, methyl ethyl 
ketone, dimethylformamide, and tetrahydrofuran. - 
A catalyst can be employed for promoting the reaction for urethane* formation-. » 
It is possible to use as the catalyst, for example, an org ahicVitin- compound such ,as tin octylateordibutyl-tin 
dilaurate, or a tertiary amine such as N-methylmorpholine or triethyl amine. 
The .carbonatediol composition and polyurethane resin of the^ present invention; -can ±>e< hydrqlyzed to 
!/ analyze partial molecula? structure"', WKiclr'c^rhi|5dses ^mirfure^fffrdrH 20to!80,mol P/o of a : pqlyether polyol 40 
having molecuiaVw^igKt c^rixrfrA^30DP€^^aOC% f U»V2J s frota va^rsO'vnol AtajoffactMettatiOfie ^>olyv«|ont.9|oot > sol in 
.which the number of carbon atoms/in the polymer chain is hot more = than . 20, :of the hydrolyzed products by 
* analysis ' with % "gas' , 6hrbmaidjgraphy or'affi NMR fcnalyier:'' "- - r "■«: r : ■»» 

• The present invention is 'further illustrated 1 below by examples. - / - v 

S ynthesis Example 1 ' V;> " ' r ' ' : ' : 5! " :! 4 v ^ ! ' * x / r; , 

A round bottom flask having a capacity of two liters and equipped with a stirrer, a thermometer and a 
' ; ' distillation column having 620 g (6189 mols) of dimethylcarbonate, 740 g 

(6 27 mols) of 1,6-hexanediol, 640 g (0.77 mols) of polytetramethylene glycol having molecular weight of 830 
i: ' ? (PTMC 800 produced 1 by Mkiibishl Chemical CoV," Ltd.) and 0.30 g- of tetrabutyhtitanate : as a.catalyst. 50 
The'reaMlc^'Was'pdrfoVm^ti'tt normalpre'sstiPe with the dimethylcarbonate bejng> boiled, and the, resulting 
methanol was. removed by distillation. ( . v,! * f€ ' : 1 u ■ ,: -" 7 ' 5 ' : ' 

The Vempe/ature : of'th^>§actjSh veis^l%fe r -gfadualryTalsed'to 200°O:and-.wlien the .formation • of, methanol 
: stopped substantialiy completely, 'evaluation of thd vessel was started- arid:continued until a reduced pressure 

of ?0 mm.Hg.was ultimately reached, whereby the raw materials were removed by distillation and a reaction 55 
product was ofctainetf. , ' ,7 ; ;s 5 ' ' ' n * ' i " r - ' ■' y • ^v- 1 **'- • • ' ' 

The obtained polycarbo.natediol composition was a paste having a hydroxyl number of 55.2 and a melting 
iint of abbut 3fj°C.' l ' " >r ' '"' ''^V r ' : / ' "' '"' 1 • i: ■ ' ■ • 



point 

Synthesis, Example 2 



Synthesis Example 1 'WaS 1 repeated; ; except'tha¥ 640 g (0.77 molsj^bf polytetrarr.ethylene glycol was replaced 
. with 640 g (bl&SS'mb^rpf '^lypb^riW qlycor having molecular' weight of 750 (Sunnix PP 750 produced by 
Sah-you tbemical QolVXtd.). ; ^ ■ 5 1 v 1 --' " : " - ^ - ^ ^ - 

The. obtained; polycarBpna^ediol cbhHpdsition was a viscous liquid haying a^ hydroxyl number of 57.1. 
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Synthesis Example 3 '\,/C; *. " 

Synthesis Example 1 was repeated, except that 1 ,6-hexanediol was/' Replaced with 740 g J (6.27 mols) of 
3-methyl-1,5-pentanediol. The obtained polycarbonatediol composition was a viscous liquid having' a hydroxyl 
number of 55.2. 

Synthesis Example. 4 . . ( „. f . r> , itri ., .. , j'^.V/." 

Synthesis Example i was repeated, except that ^6-hexanediol was replaced v/rth'^O g (11 rndls) of 
1,4-butanediol. ! ' !, ' ,n< M ' ' ' ' 

The obtained polycarbonatediol composition was a paste having a hydroxyl number of 56.5 and a melting 
10 , point of 30°C. - 



25 



35 



Synthesis Example 5 . . : ■ 
. .Synthesis Example 1 was repeated, except that 1',6-hexarie.dipl was replaced with a mixture .composed of 
. •3-methylpen ; tanediol/1 ,6-hexanediol ~ ^.1. .based on ; molar ;ratip. )f " ' 
15 The obtained polycarbonatediol composition was a viscous liquid having a hydroxy! number of 55:8. 

" Synthesis .Example t 6 . r . lf - • . . t , . .., \ (i - . V* 

Synthesis Example i was repeated, except that 640 g {0:77* mols) of p'6|ytetramethylene glycol 1 having 
molecular weight of 830 was replaced with 640 g (0.98 mole) of polytetramethylene glycol'having molecular 
20 weight of 650 (PTMG 650 produced by Mitsubishi Chemical Co., Ltd.). 

The obtained polycarbonatediol composition was a viscous liquid having a hydroxyl number of 57.2. 



Comparative Synthesis Example 

- , Synthesis Example 1 was repeated, except that only 1 ,6-hexanediol was used as a diol' compound. 



Examples from 1 to 6, Comparative Example 

- Polyurethane resins were synthesized from the polycarbonatediol compositions, prepared in [ Synthesis 
.- Examples from 1 to 6 and in Comparative Synthesis Example, respectively under reactiori conditions 
hereinafter stated. Parts by weight. 1 '■ '.'„ " f 

30 A polyurethane film having a thickness of 150 microns was formed from each polyurethane resiri and 
examined for physical properties. 



Reaction Conditions for the Synthesis of Polyurethane resins:' 

- - : >-J. 'T- 1 

(1) Component: 



Polyol 100 parts 

1,4-BG ' " 8.3 parts; *,, 0{}t 

40 MDI 35.6 parts 

Solvent (DMF) 267.3 parts 

(Note) Polyol (Mw2000)/1 ,4-BG/MDl 

NCO/OH = 1.03 
45 '•' t,4-BG/polyol = 2.0 

1,4-BG: 1,4-butanediol 
MDI: methylene 

diisocyanate \ 
50 DMF: dimethyl 

formamide. 



(2) Reaction Steps: 

55 A reaction vessel was charged with 100 parts of polyol, 8.3 parts of 1,4-BG and 144 parts of solvent and 
■ cheated to a temperature,. of 60?C. : , , , v ; ! ; ;- . ... \ ,* 

s ■ ; *Then, the vessel was charged with 35.6 parts of . MDI and further heated.; 
Then, the vessel was charged with 35.6 parts oif MDI arid further heated. . '/ 
After the temperature of the vessel raised to 80°C, the temperature was kept for several hours. " 
60 Then, the temperature was dropped to 60° C. 

When the temperature had dropped to 60° C, the vessel was additionally charged with 123.3 parts of solvent, 
and aging was allowed to take place at that temperature. 
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(3) Properties of Polyurethane resins: 

NV (O/o) - 35 

Viscosity (cp at 25°) , » 60,000 to 80,000 



solvent .' :?;. ™^'^r v ', jr - !h -'-" , - :<nr: ;f r * **• • • -" 



(4) Formation of Fiim: 

r A, polyurethane resin solution was coated onto, a sheet .of rejease paper and dried to'form a filfn having a 
thickness of 150 micron's.' ' *' * ' 

(5) Examination of Physical Properties: - * •• » - < 

JIS K6301 (Physical Testing Methods for Vulcanized Rubber) #3 dumbbell specimens were formed from each 
film and were examined for physical properties using a Shimadzu (model PCS-5000). 
. Tfoe, results obtained in Exanpjes from 1 to 6 and in the Comparative Example are shown-in Table 1 1. 'A 
Table "1 indicates that polyurethane Vesihs'syntHesized according to the compositions of 

the present invention, are, quite excellent , irt modulus under" iovv temperature conditions compared to tnsit of the 
Comparative Example" ■ '* " " ! * " "' . .. . \ it -. > :-?»» 

The results obtained in Synthesis Example 1 to 6 and Comparative Synthesis Example are shown in Table 1. 
t . Table 1 indicates that polyurethape resin^ccqrding to the present invention has an excellent property under 
low temperature conditions^ , ~ f \ tt '\' J !.' " ' .'" 7 , ' ' '*' -/'"v* 



° 1 Table 1 





Ex. 


Ex. 


Ex. 


Ex. 


Ex. 


Ex. 


Com- 
















parative 




1' ' - ; ' ' 






4' 


-i 5 


6 


•Example 








Used PCD 






Used PCD 






, (2) : . 


(3) . 


(4 ) :: : 


(5) 


(6) , 


. nre ) 


*' i d'Wo M ' ' '' 


■ ! is' 1 


- 40 r 


:: 45 ' 


60 '\ 


■\ M ? 45 


• '52 


"69 


, (kgf/cm 2 ) , ... 
















300% M 






' : 120 


' ! 110' 


'108' 


- 150 


! 410 


(kgf/cm 2 ) 
















Strength 


411 


215 J; 


458 


. . .502 


490 


520 


652 


(kgf/cm2) 
















E (o/o) 


567 


320 


550 


490 


520 


540 


652 


1000/o M at 


71 


102 


80 


76 


73 




i 728 


-10°C 












. * - f.-i 1 




(kgf/cm 2 ) 
















3000/o M at 


260 


150 


250 ; 


.. ■ 240 


270 


230 




-10°C 














' 


(kgf/cm 2 ) 
















1000/0 M at 


162 


350 


180 


190 


146 


186 


403 


-30°C 










i ,i ■ ■ 






(kgf/cm 2 ) 
















3000/o M at 


648 




630 




598 


740 




-30°C 
















(kgf/cm 2 ) 
















PCD: polycarbonatediol composition 












M: modulus 
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used PCD(1 ) to (e) : PCD prepared in Synthesis Examples from 1 to 6 and in Comparative Synthesis 


Example., ? 






.3 .--^ , .• 1 











When the invention has been described in detail and with reference to specific examples thereof, it will be 
apparent to one skilled ih ^the' art that ''various changes 'and modifications can be made therein without 
departing from the spirit and scope thereof. 1 



' II' i'- I-'!': .. ; - : !!f;^ EP 0 358 555 A2 • .•.•,,••<♦*,* ...... 



Claims 



5 1. A polycarbonatediol cQmposition -obtained |by ^e^ptipn^of-a^ compound selected from the group 

consisting of compounds which require dehydrochlorihatton, alkylehe carbonates, diaryl carbonates and 
dialkyl carbonates, with an aliphatic diol which comprises a mixture of (1) from 20 to 80 moio/o of a 
polyether polyol having molecular weight of from 300 to 2,000, and (2) from 80 to 20 mo) o/o of at least one 
polyvalent.alcphol in which the number of carbon atoms in the polymer chairiMs hot more than 20. ; , : \ 

10 2/ A polycarbonatediol composition as set forth In claim 1, wherein said polyether polyol is 

polytetramethy lene glycol having molecular weight of not more than 1 ,000. l J ■ J - , „ « 

3. A polycarbonatediol composition as set forth in claim 1, wherein said polyvalent alcohol is 
1,6-hexanediol. - - - - ~. ■ - ' 

4. A polycarbonatediol composition as set forth in claim 1, wherein said polyether poiyol is 
15 K 1 ' polypropylene glycol having molecular weight of not more than 1 ,000. -.\ v 

5. A polycarbonatediol composition as set forth in claim T r . wherein said, polyvalent alcohol is 
1 ,4-butanedidl; rf r - i r \> - . t ..l^. - ; 

6. A polycarbonatediol composition as set forth In claim 1.,. wherein said polyvalent alcohol is 
3-methylpentanediol. 

20 7. A polyurethane resin prepared by reaction of an organic diisocyanate compound with a 

polycarbonatediol composition obtained by reaction of a compound selected from the group consisting 
of compounds which require* dehydfochlorination, alkylene carbonates/ diaryl carbonates^ arid dialkyl 
carbonates, with an aliphatic 1 diol which comprises a mixture of (1) from 20 to 80 mol P/o of a polyether 
polyol having molecular weight of from 300 to 2,000, and (2) from 80 to 20 mot P/o of at least.one polyvalent 

25 alcohol in whicTl the number of carbon atoms in the polymer chain is not more than 20. ; ■ ; . 

8. A polyurethane resin according to claim 7, wherein the polycarbonatediol is as defined in any of 
c!aims2to6. (1 - .. , .. Vl ; . ...... 

j • ' ' - -v- t . : . j ,,1,.., . 

30 * ' " : i 
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